Background. Conventional anticancer therapies still cause difficulties with selective eradication and accompanying side effects that reduce patients' quality of life (QOL). Fucoidan is extracted from seaweeds and has already exhibited broad bioactivities, including anticancer and anti-inflammatory properties, in basic studies. It is expected to enhance therapeutic efficacy and minimize side effects in cancer patients; however, despite its potential benefits, there are very few clinical trials using fucoidans. Therefore, we performed an exploratory clinical study for advanced cancer patients to examine the efficacy of fucoidans, especially focusing on inflammation in relation to QOL scores. Methods. We conducted a prospective, open-label clinical study for advanced cancer patients using fucoidans via oral administration; 20 advanced cancer patients with metastases were recruited and were given 400 mL/d fucoidan (10 mg/mL) for at least 4 weeks. Inflammatory biomarkers, including highsensitivity C-reactive protein and various cytokines, and QOL scores were monitored before treatment, after 2 weeks, and after 4 weeks of fucoidan ingestion. Results. The main proinflammatory cytokines, including interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α) were significantly reduced after 2 weeks of fucoidan ingestion. QOL scores, including fatigue, stayed almost stable without significant changes during the study period. The univariate and multivariate analyses revealed that the responsiveness of IL-1β was a significant independent prognostic factor. Conclusion. This is the first study providing evidence of the anti-inflammatory effects of fucoidans for advanced cancer patients. In future studies, larger blinded, controlled trials are required to establish the efficacy of fucoidan as supportive care for cancer patients, especially those undergoing chemotherapy.
Introduction
A close association between cancer and inflammatory responses is now well established. The idea was first postulated by R. Virchow in the nineteenth century and has subsequently been corroborated by a growing number of studies. [1] [2] [3] [4] [5] Approximately 90% to 95% of cancers are caused by lifestyle and environmental factors such as food, smoking, infectious agents, and stress. When these inflammatory stresses persist for a long time, chronic inflammation may appear, giving rise to tumor development and metastasis. 2, 3 In addition to inflammatory stresses, cancer itself induces inflammatory reactions, which bring about symptoms such as pain, fever, anorexia and weight loss, fatigue, and cancer cachexia in the terminal stages. The inflammatory reactions may also affect therapeutic efficacy. [4] [5] [6] Moreover, chemotherapy (Cx) for advanced cancer induces inflammatory reactions, which may result in many side effects and also accelerate tumor growth. 7 Inflammatory responses are mediated by multiple factors, notably proinflammatory cytokines, including interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α). [1] [2] [3] [4] [5] [6] [7] These proinflammatory cytokines have been shown to participate in the various stages of cancer. For example, elevated serum concentrations of IL-1β were detected in cancer patients, [8] [9] [10] and a shorter life span was reported in advanced cancer patients with high inflammatory cytokine levels. [11] [12] [13] As mentioned above, cancer and inflammatory responses are closely associated, suggesting the possibility of therapeutic interventions with anti-inflammatory agents. 6, 7, [14] [15] [16] Steroids are the standard anti-inflammatory therapy for symptoms, including nausea and fatigue, in patients with advanced cancer. 17 However, steroidal and nonsteroidal anti-inflammatory drugs have many serious side effects such as immunosuppression, ulceration, and organ dysfunction, especially for advanced cancer patients. [18] [19] [20] Because there is currently no way to prevent these side effects, there is a strong demand for improved anti-inflammatory agents in clinic, especially for patients with advanced cancer. 6 One promising biomaterial, fucoidan, is mainly present in various species of brown marine macroalgae (or seaweeds) such as mozuku, kombu, bladderwrack, and others. 21 Fucoidans are sulfated polysaccharides having complicated chemical structures, consisting of various combinations of fucose, uronic acids, galactose, and xylose. 21, 22 Isolated fucoidans without further treatments may present in various sizes, for example, 5100 kDa 23 and 1600 kDa, 24 depending on the methods of extraction and seaweeds used. Various molecular weight derivatives, for example, classified as low-molecular-weight fucoidan (up to 40 kDa), intermediate-molecular-weight fucoidan (110-138 kDa), and high-molecular-weight fucoidan (300-330 kDa), have been examined for their health benefits and were reported to exhibit broad biological activities such as anticancer, antioxidant, anticoagulant, anti-inflammatory, and immune-modulatory effects in in vitro and in vivo studies. 21, 22, [25] [26] [27] One of our previous basic science studies revealed that fucoidan can enhance the anticancer activity of chemotherapeutic agents (such as cisplatin, tamoxifen, and paclitaxel). 28 There are substantial data showing that the low toxicity of fucoidan makes it a suitable supplemental treatment for cancer patients along with conventional therapies. 29, 30 Despite its potential benefits, there is little clinical data on the effects of fucoidan; the only available study is a recent prospective randomized clinical trial revealing that fucoidan significantly reduces the general fatigue caused by Cx in advanced colorectal cancer patients. 31 Therefore, further research is needed to confirm the efficacy of fucoidan in clinical cancer management.
Here, we hypothesized that fucoidan, as a supportive care agent, could alleviate inflammatory conditions and improve the quality of life (QOL) in advanced cancer patients. In the present study, we conducted an exploratory prospective clinical study to monitor various biomarkers, including proinflammatory cytokines, and QOL scores in advanced cancer patients receiving fucoidan.
Methods
This study was conducted as a prospective, open-label, single-arm clinical study under institutional ethical committee approval. Consecutive cancer patients were recruited from 4 medical clinics in Japan from January 2014 to February 2015. Written informed consent was obtained from all patients who agreed to receive 400 mL/d of fucoidan (10 mg/mL; trade name: Power Fucoidan, Daiichi Sangyo, Co Ltd, Osaka, Japan) for at least 4 weeks. As shown in Figure 1 and Table 1 , the total number of 20 patients who met the following inclusion criteria were eligible for this study: (1) clinically diagnosed with inoperable metastatic cancer; (2) age >20 years, (3) ambulatory as an outpatient with normal food intake for at least 4 weeks during the study, and (4) without serious dysfunction of vital organs. Because there was no control group in this exploratory study, we considered setting the baseline for each patient's status before the administration of fucoidan; then, these data were compared with their status at the second week and fourth week of treatment.
The study was approved by the ethics committee of the Low Molecular Fucoidan Research Association (Reference Number: #20131101-1) and conducted in accordance with the ethical standards as laid down in the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Written informed consent was obtained from all participants included in this study.
Materials
The abalone glycosidase-digested fucoidan extract from the brown seaweed Mozuku, Cladosiphon novae-caledoniae Kylin, used in the present study, is commercially available as Power Fucoidan through the Daiichi Sangyo Corporation (Osaka, Japan). The molecular composition of Power Fucoidan is as follows: 72% digested low-molecular-weight fractions with less than 500 Da, and 28% nondigested fractions with peak molecular weight of 800 kDa. 28 Therefore, Power Fucoidan consists mostly of a mixture of digested and nondigested fractions of fucoidan and other minor substances. 28, 32 It is presented as an aqueous solution containing 10 mg/mL of low-molecular-weight fractions as the main constituents.
Endpoints
The primary endpoints of this study were changes in inflammatory biomarkers, including high-sensitivity C-reactive protein (CRP) and proinflammatory cytokines (IL-1β, IL-6, TNF-α). Secondary endpoints were QOL scores using the European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire Core 30 (EORTC QLQ-C30) and overall survival. These endponts were monitored at outpatient visits using blood sampling and questionnaires before, at the second week, and at the fourth week of fucoidan ingestion.
Blood Collection and Immunological Assessment
Peripheral blood (2 mL) was collected in a tube containing EDTA-2K, and used for a blood count, differential leukocyte counts, detecting high-sensitivity CRP levels, and flow cytometry analysis. Another 8 mL of peripheral blood was 
Statistical Analyses
Data are presented as means ± standard error of the mean (SEM). The significance of differences between time points was determined using the Wilcoxon signed-rank test. The differences between the 2 groups of categorical data were analyzed using the Mann-Whitney U test or Pearson's χ 2 test. Survival curves were plotted using the Kaplan-Meier method, and survival curve comparisons were conducted using the log-rank test and multivariate analysis (Cox's proportional hazards regression model). A value of P < .05 was considered significant. Analyses were conducted using JMP version 11.0 (SAS Institute Japan, Tokyo, Japan).
Results

Patient Characteristics
In this study, 28 cancer patients were initially recruited in collaboration with 4 clinics in Japan. Finally, 20 patients who met all the inclusion criteria were analyzed. The flow diagram of patient selection for the analyses is shown in Figure 1 . The clinical characteristics of all 20 patients are summarized in Table 1 . Although the patients' characteristics were highly variable in their primary origins of cancer, they all had distant metastases, and 90% of the patients had already had standard Cx for advanced stage cancer before the administration of fucoidan.
Changes in Inflammatory Biomarkers
Blood cell counts, including white blood cells, and highsensitivity CRP were found to stay stable during the study (Table 2 ). However, the 3 main proinflammatory cytokines, IL-1β, IL-6, and TNF-α, were significantly reduced after 2 weeks of fucoidan administration (Table 2 ). Other cytokines and all the subsets of lymphocytes except for CD8 + CD28 + T cells were stable without significant change during the study period (Table 2) .
QOL Scores
QOL scores using EORTC QLQ-C30 were all stable except for an improvement in the financial difficulty score (Table 3) . In contrast to a previous randomized clinical trial, which showed that fucoidan significantly reduces fatigue caused by Cx in advanced colorectal cancer patients, 29 the average fatigue score in this study did not improve during the 4-week period.
Prognostic Implication of IL-1β Responsiveness in Advanced Cancer Patients
To explore the predictive biomarkers in relation to the clinical responsiveness to fucoidan, a subgroup analysis was conducted between the overall survival (from the start of fucoidan administration) and the response of inflammatory biomarkers. Remarkably, univariate analyses with log-rank tests demonstrated that the patients whose IL-1β level decreased during the first 2 weeks (IL-1β responders) had a significantly longer survival rate compared with the prognoses for IL-1β nonresponders (median survival time = 13.0 vs 5.0 months, respectively; P = .02, Figure 2 ). Compared with IL-1β, the responsiveness of the other inflammatory biomarkers, including high-sensitivity CRP, IL-6, and TNF-α, were not correlated with survival. Multivariate analysis using a Cox proportional hazards regression model also revealed that the responsiveness of IL-1β was the only significant independent prognostic factor in all the 20 patients (hazard ratio = 0.08, 95% CI = 0.007-0.588, P = .01; Table 3, Figure 2 ).
Discussion
The present exploratory clinical study revealed that the levels of the major proinflammatory cytokines, including IL-1β, significantly decreased during the first 2 weeks after the administration of fucoidan in the advanced cancer patients. Although we have to be cautious about overestimating these results because of the lack of a control group and a small number of patients, this exploratory clinical study revealed that there are some responders who can benefit from using fucoidan by achieving an anti-inflammatory effect in a short time.
Targeting inflammation in cancer patients is a promising approach not only for alleviating cancer-related symptoms as supportive care but also for enhancing clinical efficacy. [2] [3] [4] [5] [6] [7] 11 Inflammatory responses are mediated by multiple factors, such as proinflammatory cytokines IL-1β, IL-6, and TNF-α. [1] [2] [3] [4] [5] [6] [7] These cytokines play a pivotal role in establishing a suitable microenvironment for tumor development and metastasis 4, 5 and also in diminishing therapeutic efficacy. 7 Among proinflammatory cytokines, IL-1β is thought to be a key factor in the initiation of inflammatory cascades. 36, 37 It activates multiple intracellular pathways to initiate the production of factors such as IL-6, IL-8, matrix metalloproteinases, and vascular endothelial growth factor, which promote tumor growth and metastasis. 11, [38] [39] [40] Clinically, it has been shown that elevated serum concentrations of IL-1β were detected in patients with infectious or inflammatory conditions, including cancer. [8] [9] [10] In particular, the survival time was reported to be shorter in advanced cancer patients with high proinflammatory cytokine levels. [11] [12] [13] Furthermore, IL-1β was more closely associated with symptoms of cancer cachexia such as loss of appetite, weight loss, and sarcopenia when compared with IL-6 or TNF-α. 12 Therefore, the therapeutic approach of IL-1β blockade in cancer patients is expected to be an effective intervention in various cancer progression stages. 11, 37 Moreover, fucoidan inhibits the viability and invasiveness, and induces apoptosis in IL-1β-treated human rheumatoid arthritis fibroblast synoviocytes. 41 Combining these studies with our present results, fucoidan could well be one of the therapeutic options targeting inflammation in advanced cancer patients. Recently, the effect of a combined use of low-molecular-weight fucoidan fractions (mainly 760 Da) with gemcitabine and cisplatin, 2 substances that are standard Cx agents for advanced bladder cancer, was studied, and it was observed that fucoidan could ameliorate cachexia-associated muscle atrophy in bladder Patients (n = 20) were grouped according to the responsiveness to each inflammatory factor (far left column) after comparing day 0 with 2w, and survival curve comparisons of each factor were conducted with the log-rank test. Multivariate analysis using a Cox proportional hazards regression model was performed to confirm the role of these inflammatory factors related to the overall survival from the beginning of fucoidan ingestion. The univariate and multivariate analyses revealed that the responsiveness of IL-1β was a significant independent prognostic factor (P < .05). b P < .05.
cancer-bearing mice. Additionally, these researchers found that inflammatory cytokines such as TNF-α, IL-6, and IL-1β were suppressed by fucoidan, which is in line with our results. 42 Fatigue in advanced cancer patients is associated with proinflammatory cytokines such as IL-1β, IL-6, and TNF-α. 43 In contrast to our expectation and although a previous randomized clinical trial showed that fucoidan alleviated Cx-induced fatigue, 31 in the present study, QOL scores, including fatigue, were almost stable and did not show an important improvement in spite of the significant cytokine reduction. Such discrepant results are likely a result of the individual patient status in fatigue development and the type of questionnaire used. In this exploratory study, the EORTC QLQ-C30 questionnaire was chosen to evaluate the general and comprehensive grades of various aspects of patients' QOL because the recruited patients represented the diverse symptomatic conditions associated with advanced cancer progression stages. On the other hand, in a previous trial, 31 the National Cancer Institute Common Toxicity Criteria assessed the grades of the specific toxicity caused by Cx for advanced colorectal cancer patients. Additionally, Cx is known to induce inflammatory reactions via proinflammatory cytokines, which are associated with Cx-related side effects, including fatigue. [43] [44] [45] [46] In future studies, it may be needed to focus specifically on Cx-related fatigue and also choose an appropriate questionnaire to detect the change in Cx-related side effects.
It is noteworthy that univariate and multivariate analyses of the data obtained in this study showed a correlation between prognosis and IL-1β responsiveness. However, because of the design of this study, which included a heterogeneous population of patients without a control group, it is difficult to draw any definitive conclusions because various biases cannot be excluded. Nevertheless, there was no significant difference in the characteristic baseline variables of the patients between the group of IL-1β responders and those of nonresponders, except for sex distribution (Online Supplement 1). Interestingly, the levels of the other major proinflammatory cytokines, TNF-α and IL-6, also significantly decreased in the group of IL-1β responders (P < .05) but not in the group of IL-1β nonresponders (Online Supplement 2). High serum concentrations of these proinflammatory cytokines are usually associated with a reduced survival rate. 11, 13 In addition, cancer patients often exhibit higher IL-1β plasma levels, suggesting a systemic role of this factor. 39 It has also been shown that tumor cells secrete IL-1β, triggering an indirect upregulation of IL-6 and other multiple factors, thereby promoting tumor growth and metastasis. 4, 39 Taken together with these facts, the results obtained in this study seem feasible and may lead us to believe that the responsiveness of IL-1β in the first 2 weeks might predict a prolonged survival as a result of fucoidan administration. It is also interesting that the QOL score relating to the financial difficulty was significantly improved only in the group of IL-1β responders (Online Supplement 2). Accordingly, the previous randomized clinical trial already reported a similar favorable prognosis in the fucoidan group with Cx. 31 Because inflammatory reactions induced by Cx usually result in many side effects and also affect therapeutic efficacy, 7 fucoidan could be used to target proinflammatory cytokine effects as supportive care for cancer patients especially undergoing Cx. 11, 22, 47 However, further prospective, larger randomized clinical studies will be needed to clarify whether the responsiveness of IL-1β is a reliable predictive biomarker for patients with advanced cancer receiving fucoidan.
Finally, we must also address the fact that IL-1β, IL-6, and TNF-α levels decreased after 2 weeks of fucoidan administration but returned to pretreatment levels after 4 weeks. Perhaps the fucoidan dose was not enough, or the period of treatment was too short, or the monitoring time point at 4 weeks may just be a transition phase from cytokine markers to other markers (eg, lymphocyte subsets; Table 2 ). Still another likely alternative to explain this cytokine fluctuation is the speculation that fucoidan's effect on some cell surface receptors is weakened at around 4 weeks post-fucoidan ingestion because fucoidan has been postulated to downregulate some transcription factors involved in survival, proliferation, apoptosis, invasion, metastasis, and angiogenesis via receptors (eg, EGF receptor and receptor tyrosine kinase). 21 However, the reasons for this instability remain to be solved.
Conclusions
This exploratory prospective clinical study for advanced cancer patients revealed that levels of important proinflammatory cytokines, including IL-1β, IL-6, and TNF-α, were significantly reduced after a short period of fucoidan administration. Interestingly, a subgroup analysis showed that the responsiveness of IL-1β was significantly correlated with the overall survival and suggested that this responsiveness might be a useful prognostic biomarker for advanced cancer patients receiving fucoidan. To the best of our knowledge, this is the first study to provide evidence of the anti-inflammatory effects of fucoidan for advanced cancer patients. In the future, larger controlled trials are required to establish the efficacy of fucoidan, especially for advanced cancer patients undergoing Cx as supportive care.
